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Abstract
The topcolor-assisted technicolor (TC2) model predicts the existence of the charged top-pions
(pi±t ), whose large couplings with the third generation fermions will induce the charged top-pion
production associated with the bottom and anti-bottom quark pair at the CERN Large Hadron
Collider (LHC) through the parton processes cb¯ → pi+t bb¯ and ud¯(cs¯) → pi+t bb¯. In this paper we
examine these productions and find that, due to the small Standard Model backgrounds, their
production rates can exceed the 3σ sensitivity of the LHC in a large part of parameter space, so
these processes may serve as a good probe of the TC2 model.
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I. INTRODUCTION
The mechanism of electroweak symmetry breaking (EWSB) remains the most prominent
mystery in elementary particle physics. Probing EWSB will be one of the most important
tasks in the high energy colliders. Dynamical EWSB, such as technicolor (TC) theory[1], is
an attractive idea that avoids the shortcomings of triviality and unnaturalness arising from
the elementary Higgs field.
Among various kinds of technicolor theories, the topcolor scenario [2] is attractive because
it can explain the large top quark mass and provides a possible EWSB mechanism. TC2
model [3] is one of the phenomenologically viable model, which has all essential features of
the topcolor scenario. This model predicts three CP-odd top-pions π0t , π
±
t and one CP-even
top-higgs h0t with large couplings to the third family, which may make these new scalar
particles have a distinct experimental signature[4]. Thus, discovery of the scalar particles in
future high energy colliders would be a definite signal of new physics beyond the standard
model (SM), which would help us to understand the scalar sector and more importantly
what lies beyond the SM.
LHC has already started its operation, and it will have considerably capability to dis-
cover and measure almost all the quantum properties of a SM higgs boson of any mass [5].
However, from the theoretical view point, it would be expected that the SM is replaced by a
more fundamental theory at the TeV scale. If hadron colliders find evidence for a new scalar
state, it may not necessarily be the SM Higgs boson. Many alternative new physics theories,
such as supersymmetry, technicolor and little Higgs, predict the existence of new scalars or
pseudo-scalar particles. These new particles may have so large cross sections and branching
fractions as to be observable at the high energy colliders. Thus, studying the production of
the new scalars at the LHC will serve as a powerful tool of the new physics models.
In this paper, we study how the technicolor models affect the charged top-pion production
associated with the bottom quark pair processes cb¯→ π+t bb¯ and ud¯(cs¯)→ π+t bb¯ via the new
couplings in the TC2 model. In Sec. II, the technicolor model relative to our calculations is
briefly reviewed. Sec. III shows the the numerical results for the different processes, respec-
tively and analysis simply the SM backgrounds and the detectable probability. Summary
and discussions are given in Sec. IV.
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II. ABOUT THE TC2 MODEL
The TC2 model predicts a number of charged bosons like the top-pions at the weak
scale[3]. These scalars have large Yukawa couplings to the quarks at tree-level, among
which the top-bottom and the charm-bottom couplings to the charged top-pion π±t are most
significant. Such couplings will induce bottom anti-bottom pair productions associated with
a charged scalar at the LHC through the parton processes cb¯→ π+t bb¯ and ud¯(cs¯)→ π+t bb¯. In
this paper we will examine these productions and figure out if their rates can exceed the 3σ
sensitivity of the LHC. Since in the SM, such signals of the productions have unobservably
small backgrounds at the LHC, these processes will serve as a probe for the TC2 model if
their TC2 predictions can be above the 3σ sensitivity.
Before our calculations we recapitulate the basics of TC2 model. The TC2 model[3]
combines technicolor interaction with topcolor interaction, with the former being responsible
for electroweak symmetry breaking and the latter for generating large top quark mass.
The top quark mass is generated from two sources: one is from the extended technicolor
(proportional to ǫ) and the other from the topcolor (proportional to 1−ǫ). So the mass matrix
of up-type quarks is composed of both extended technicolor and topcolor contributions. The
diagonalization of this mass matrix will induce flavor changing top quark interactions in
the Yukawa couplings which involve the composite scalars from topcolor and technicolor
condensations, respectively.
The relevant couplings with the top-pion and the fermions can be written as[6]
LY = (1− ǫ)mt√
2Ft
√
v2w − F 2t
vw
(√
2Ktt∗URK
bb
DLt¯RbLπ
−
t +
√
2Ktc∗URK
bb
DLc¯RbLπ
−
t
)
, (1)
where KDL and KUR are the rotation matrices that transform the weak eigenstates of left-
handed down-type and right-handed up-type quarks to their mass eigenstates, respectively.
According to the analysis of [6], their favored values are given by
KbbDL ≃ 1, KttUR ≃
m′t
mt
= 1− ǫ, KtcUR ≤
√
1− (KttUR)2 =
√
2ǫ− ǫ2, (2)
In Eq.(1) we neglected the mixing between up quark and top quark. The factor√
v2w − F 2t /vw ( vw ≃ 174 GeV ) reflects the effect of the mixing between the top-pions
and the would-be Goldstone bosons [7].
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The total hadronic cross section for pp → π+t bb¯ + X can be obtained by folding the
subprocess cross section σˆ with the parton luminosity
σ(s) =
∫
1
τ0
dτ
dL
dτ
σˆ(sˆ = sτ), (3)
where τ0 = (2mb + mpi)
2/s, and s is the pp center-of-mass energy squared. dL/dτ is the
parton luminosity given by
dL
dτ
=
∫
1
τ
dx
x
[f pp1(x,Q)f
p
p2
(τ/x,Q) + (p1 ↔ p2)], (4)
where f pp1 and f
p
p2
are the parton p1 and p2 distribution functions in a proton, respectively.
For our case, they could be u, d, c, s and b quark.
In our numerical calculation, the hadronic cross section at the LHC is obtained by con-
voluting the parton cross section with the parton distribution functions. In our calculations
we use CTEQ6L [8] to generate the parton distributions with the renormalization scale µR
and the factorization scale µF chosen to be µR = µF = 2mb +mpi.
III. CALCULATIONS AND RESULTS
At the LHC, the cross sections of the charged top-pion production comes mainly from the
quark collision processes cb¯, ud¯, cs¯→ π+t bb¯, as shown in Fig.1. In our numerical calculation,
we use FormCalc for the three phase space integration [9].
For the SM parameters, we will take mu = 2 MeV, md = 3 MeV, ms = 100 MeV,
mc = 1.27 GeV, mb = 4.5 GeV, mt = 172.0 GeV, mZ = 91.2 GeV, mW = 80.399 GeV [10].
The TC2 parameters involved in our calculations are the masses of the top-pions, the
parameter KtcUR, the top-pion decay constant Ft and the parameter ǫ which parametrizes
the portion of the extended-technicolor contribution to the top quark mass. The masses
of the charged top-pion mass are constrained from the absence of t → π+t b, which gives a
lower bound of 165 GeV [11], and also from Rb data, which yields a lower bound of about
250 GeV [12]. In our numerical results we will take Ft = 50 GeV, ǫ = 0.1, K
tt
UL = 1,
KttUR = 0.9 and retain mpi and K
tc
UR as free parameters with 200 ≤ mpi ≤ 600 GeV and
KtcUR ≤
√
2ǫ− ǫ2 = 0.43.
In the following we present the results for the hadronic production cross section cb¯→ π+t bb¯
and ud¯(cs¯)→ π+t bb¯, respectively.
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FIG. 1: Feynman diagrams for parton-level process ud¯(cs¯)→ pi+t bb¯ and cb¯→ pi+t bb¯ .
A. The parton level process cb¯→ pi+t bb¯
The process is carried through out as the Fig.1(b)(c)(d)(e), containing one or more π+t cb¯
vertexes, which is proportional to the TC2 parameter KtcUR.
Fig.2 shows that the hadronic cross section versus top-pion mass for different values of
KtcUR. The cross section, which is about several hundreds fb in most of the parameter space,
decreases with the increasing top-pion mass.
We see that the cross section increases with the increasing KtcUR since the cross section
is mainly proportional to (KtcUR)
2, with the vertex π+t cb¯, ∼ KtcUR, which can also be seen in
Fig.3.
Fig.3 gives the different contributions of the cross section from the exchange of top,
charm quark and Z0 gauge boson, which correspond to the different contribution including
top quark, charm quark and the Z0 propagator shown in Fig.1(b)(c)(d)(e). From which we
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FIG. 2: Hadronic cross section for the production via cb¯→ pi+t bb¯ at the LHC versus top-pion mass
for KtcUR = 0.1, 0.2, 0.4, respectively.
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FIG. 3: Different contribution to cb¯→ pi+t bb¯ at the LHC versus top-pion mass for KtcUR = 0.4 and
0.2, respectively.
can see that the top quark propagator contribution is the most largest since π+t tb¯ couples
largest.
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FIG. 4: Hadronic cross section for the production via ud¯ → pi+t bb¯ and cs¯ → pi+t bb¯ at the LHC
versus top-pion mass.
B. The processes ud¯→ pi+t bb¯ and cs¯→ pi+t bb¯
Fig.4 shows the dependence of the cross sections of the two processes on the top-pion
masses, from which we can see that the production rates is at the order of 1000 fb in a large
parameter space.
We can see from Fig.4 that the production rate of ud¯→ π+t bb¯ are larger than that of the
cs¯→ π+t bb¯, which is easy to understand since what makes the difference is only the parton
distribution functions when we neglect the light quark masses.
Comparing Fig.2 and Fig.4, we can arrive at the conclusion that the cross sections of the
cb¯ collision is smaller than that of the ud¯, which is also determined mainly by the parton
distribution functions since the couplings in the two processes are almost in the same order
of the two processes, i.e, the coupling W+ud¯ ∼ e/(√2 sin θW ) is approximately equal to
that of the π+t cb¯ ∼ mt/(
√
2Ft)K
tc
UR, where θW is the Weinberg angle. As to the process
cs¯ → π+t bb¯, with the similar parton distribution functions as that of cb¯ → π+t bb¯, the cross
sections of them are almost equivalent.
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C. Observability of the processes
For the productions of PP → π+t bb¯+X we search for the final states from the subsequent
decays π+t → cb¯, so the signal may be 3b+ j. The main SM background at the LHC is the
production of ZZ, Zh and hh (with the bottom quark miss-detected as charm quark). The
signal will be picked out via the top-pion mass reconstruction since in the SM, the CKM
element Vcb is so small that they may not produce large signal, so we estimate the production
rates arrive at 10 fb may be detected by the LHC.
0.05
0.1
0.15
0.2
0.25
0.3
0.35
0.4
200 300 400 500 600
K
URt
c
m
p
(GeV)
3 s
 
Ob
se
rva
ble
LHC: pp→p t+ bb
–
 +X
FIG. 5: The contour of 3σ sensitivity (10 fb) for the cross section of the production via cb¯→ pi+t bb¯
at the LHC in the plane of KtcUR versus top-pion mass.
To show the observability of the production of cb¯ → π+t bb¯ + X , we plot in Fig.5 the
contour of the cross section of the 3σ sensitivity (10 fb) in the plane of KtcUR versus the
top-pion mass. We see that in a large part of the parameter space the cross section can
exceed the 3σ sensitivity.
For the production ud¯ → π+t bb¯, the cross section is larger than 10 fb in the full space
of the the mpi( 200 ≤ mpi ≤ 600 Gev). As for the production cs¯ → π+t bb¯, as long as the
top-pion mass is smaller than 340 GeV, the cross sections will be larger than 10 fb and may
be detected at the LHC.
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IV. SUMMARY AND CONCLUSION
In conclusion, we examined the charged top-pion productions associated with a bottom
pair at the LHC in topcolor-assisted technicolor model. We found that their production rates
can exceed the 3σ sensitivity of the LHC in a large part of parameter space. Therefore, these
processes will serve as a good probe for the topcolor-assisted technicolor model.
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